EXPERIMENTS  ON  CONDENSATION 
IN  STEAM  HEATED  BUILDING 


BY 


JAMES  FRANKLIN  McINTlRE 


THESIS 

For  the  Degree  of  Bachelor  of  Science 
in  Architecture 


College  of  Engineering 
University  of  Illinois 


PRESENTED.  JUNE.  1907 


UNIVERSITY  OF  ILLINOIS 


•June  1,  1907- 190 


THIS  IS  TO  CERTIFY  THAT  THE  THESIS  PREPARED  UNDER  MY  SUPERVISION  BY 

-James  franklin  Me  In  tire 

ENTITLED  .SXPiSIMINIS  0M  CQNQgJSAIION  IN  3 T HA  M - HEATH  D BUILDING 


IS  APPROVED  BY  ME  AS  FULFILLING  THIS  PART  OF  THE  REQUIREMENTS  FOR  THE 
DEGREE  of  Hecoelor  of  Science  in  Architecture 


Instructor  in  Charge. 


APPROVED: 


HEAD  OF  DEPARTMENT  OF 


architecture 


Digitized  by  the  Internet  Archive 
in  2016 


https://archive.org/details/experimentsonconOOmcin 


If  O'? 
Hr  £. 


EXPERIMENTS  ON  CONDENSATION  IN  STEAM  HEATED  BUILDINGS. 

LOCATION  OF  SYSTEM  TESTED. 

Engineering  Hall.,  in  which  the  tests  for  this  Thesis  were 
conducted,  is  one  of  the  group  of  University  of  Illinois  build- 
ings, located  at  Urbana,  Illinois. 

DESCRIPTION  OF  BUILDING. 

The  building  stands  on  practically  level  ground,  the  sur- 
rounding buildings  affording  little  wind  protection.  The  build- 
ing is  a well  constructed  brick  and  stone  structure,  having,  a 
sub -basement  which  is'  used" for  heating  and  w iring  purposes  only, 
a basement,  three  stories,  and  attic* 

The  basement,  which  has  stone  outside  walls  thirty  inches 
thick  in  the  main  mass  and  twenty  six  inch  walls  in  the  east  and 
west  wings,  is  above  grade  level.  The  outside  brick  walls  of  the 
building  which  begin  on  a line  with  the  window  sills  of  the  first 
floor  are  twenty  six  inches  thick  in  the  central  mass,  and  twenty 
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two  Inches  in  the  wings. 

The  third  story  has  a large  exposed  wall  surface  due  to  the 
fact  that  there  is  no  attic  over  the  wings  of  the  building,  and 
here  the  wall  formed  by  the  roof  is  treated  as  exposed  wall 
surface.  The  roof  sheathing  is  covered  with  mineral  wool  and 
slate.  The  skylights  are  double  but  have  been  treated  in  each 
case  as  straight  glass  surface. 

DESCRIPTION  OF  HEATING  SYSTEM. 

The  building  is  heated  by  a one  pipe,  overhead  feed  system  of 
steam  heat.  The  steam  is  furnished  from  a Central  Heating  Plant 
and  is  delivered  to  the  building  under  high  pressure.  The  main 
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steam  supply  enters  the  east  end  of  the  sub -basement  from  the  tun- 
nel* The  steam  pressure  is  reduced  by  means  of  a "Davis"  pressure 
regulator  set  at  about  four  pounds  pressure* 

An  eight  inch  riser  carries  the  steam  to  the  attic  where  it 

s 

is  supplied  to  "three  4 1/2"  feed  running  north  and  south  east  and 
west  the  entire  length  of  the  building*  From  these  mains  three  and 
one  half  inch  branches  are  run  to  feed  two  inch  drops* 

The  risers  mains  and  supplies  in  attic  are  covered  with  mag- 
nesia covering*  The  drops  and  radiator  connections  are  exposed  and 
have  been  considered  as  radiating  surface  in  these  experiments* 

The  condensation  is  collected  into  two  three  inch  return  pipes 
in  sub  -basement;,  and  is  trapped  out  by  two  "Davis"  traps  through 
pipes  in  the  tunnel* 

When  the  system  of  heating  was  first  installed  the  building 
was  heated  partly  by  direct  and  partly  by  direct-indirect  radiation- 
The  direct-indirect  was  placed  in  some  of  the  rooms  on  the  first 
and  second  floors  where  ventilation  was  most  necessary.  The  radi- 
ators were  set  in  recesses  under  the  window  sills  and  the  heat  was 
admitted  to  the  room  through  vertical  registers*  A cold  air  duct 
leading  from  a cast  iron  perforated  lintel  of  the  window  below 
furnished  the  fresh  air  supply.  The  method  employed  in  setting  the 
direct -indirect  radiator  is  shown  in  Figure  1- 
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Each  room  where  dir sot -indirect  radiation  was  installed  was 
provided  with  a vent  flue  to  aid  the  circulation  of  air,  ana  it 
was  originally  intended  to  force  the  circulation  of  air  in  some 
of  these  rooms  "by  use  of  an  exhaust  fan  in  the  sub-basement  • As 
this  fan  was  never  installed  and  the  radiation  was  inadequate,,  the 
fresh  air  inlets  were  closed  up  and  the  registers  and  frames  were 
removed  from  the  front  of  the  recesses,  making  the  radiation 
throughout  the  building  direct* 

All  direct -indirect  radiators  are  wrought  iron,  having  four 
pipes  to  the  row,  and  ail  other  radiators  are  cast  iron,  two 
column.  Ideal  patt  ern*  The  wrought  iron  radiation  has  been  figured 
on  the  same  basis  as  the  cast  iron  radiation  in  this  experiment, 
as  the  difference  in  setting  will  equalize  the  efficiency* 
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Wrought,  iron  radiation  is  painted  with  aluminum  bronze  and 
all  other  radiators  and  exposed  pipes  are  painted  with  maroon 
Japan • 

Just  before  the  test  was  run  all  the  air  valves  were  inspect- 
ed and  placed  in  good  working  order. 

OBJECT  OF  TEST. 

The  object  of  this  experiment  was  to  determine  the  amount  of 
condensation  in  the  radiation  per  square  foot  per  hour  per  degree 
difference  between  steam  and  room  temperature* 

DESCRIPTION  OF  TEST. 

The  test  was  run  from  seven  A.  M.  until  six  P*  M*  on  a day 
having  a wide  range  of  outside  temperature*  This  temperature  was 
recorded  every  hour. 

Thermometers  were  placed  in  each  room  and  corridor  throughout 
the  building  and  temperatures  were  recorded  every  two  hours.  The 
condensation  was  weighed,,  the  weighty  time  and  temperature  being 
recorded.  A meter  was  placed  in  a by  pass  connection  in  the  return 
main,  and  the  condensation  was  discharged  into  tanks  placed  on 
platform  scales*  The  meter  readings  were  recorded  and  the  water 
was  weighed  in  the  tanks  as  a check.  An  error  was  found  in  the 
meter  readings,  so  the  meter  was  abandoned  and  the  exact  amount  of 
return  water  was  secured  by  weighing. 

The  return  water  was  handled  as  follows, — Two  tanks,  each 
having  a capacity  of  about  seven  hundred  pounds  of  water  were  used. 
Each  tank  was  placed  on  a pair  of  platform  scales*  A cold  water- 
supply  was  run  to  each  tank*  A connection  was  made  to  the  return 
main  emptying  into  one  tank  with  a bypass  to  the  other  tank* 
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One  hundred  pounds  of  cold  water  were  run  into  each  tank  be- 
fore it  was  filled  with  condensation  to  prevent  evaporation*  The 
weighty  time  and  temperature  were  recorded*  The  weight  minus  the 
weight  of  the  tank  and  cold  water  gave  the  total  amount  of  'water 
flowing  through  the  return  mains* 

As  a certain  amount  of  estranged  water  is  carried  in  the 
supply  mains  with  the  stream ; a separating  calorimeter  was  placed 
on  the  main  on  the  low  pressure  side  of  the  regulator*  Ten  minute 
readings  were  taken*  The  percentage  of  moisture  in  the  steam  was 
calculated  and  this  quantity  was  subtracted  from  the  quantity  of 
water  weighed  at  the  return*  The  remainder  gave  the  total  con- 
densation in  the  heating  system* 

BATA . 

The  cubic  content S;  exposed  wall  surface  and  glass  ares,  were 
calculated  and  recorded  for  each  room  and  corridor.  The  amount 
of  radiating  surface  in  each  room  and  corridor;  including  the  cast 
iron  and  wrought  iron  radiators  and  exposed  pipe;  was  recorded. 
These  results  are  given  in  tables  Nos.  2;  3 & 4*  These  tables 
also  give  the  temperature  in  each  room  and  corridor;  the  difference 
between  the  inside  and  outside  temperatures  the  time  of  observa- 
tions; and  the  average  difference  in  temperature  for  periods  of 
two  hours* 

Table  No*  5 gives  a summation  of  the  quantities  in  tables 
Nos*  1;  2;  3;  & as  well  as  totals  and  averages  for  the  whole 
building* 

CALCULATIONS. 

The  following  summary  is  from  table  No*  5* 

Total  cubic  contents 746710  cubic  feet* 
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Total  exposed  wall 4-3550  square  feet. 

" glass  surface 7233  " " • 

" radiating  surface 10714  " " • 

" condensation  7 to  5-32503  pounds. 

Condensation  per  square  foot  of  radiating  surface  per  hour — .3034- 
pounds.  The  average  temperature  of  the  condensation  was  20y  degree 
Fahrenheit.  As  the  condensation  per  hour  equals  3250  pounds  and 
one  pound  of  water  at  209  degrees  contains  209  B.  T.  U.  the  con- 
densation per  hour  contains  679250  B.  T.  U.  The  B.  i!,  U*  in  the 
steam  supply  equals  3^838^  250 since  there  are  1.1.31  B.  T.  U.  in 
the  steam  at  222°  Fahr.  which  is  the  average  steam  temperature 
during  the  test* 

The  total  B.  T.  U.  given  off  by  the  radiation  is  equal  to 
the  difference  between  the  total  B.  T.  U.  in  the  steam  supplied 
per  hour^  or; 

3*333, 250-679, 250-3*159,000  B.  T.  U.  per  hour. 

The  average  difference  in  temperature  between  the  inside  air 
and  steam  during  the  test  was  150. u6  Fahr.  The  B.  T.  U.  per  hour 
per  square  foot  of  radiation  per  degree  difference  in  temperature 
between  steam  and  inside  air  was 
295  4-  150.6  - 1.9  B.  T.  II. 

Results  from  Carpenter's  Rule. 

By  Carpenter's  Rule 
H - (.02  I C 1 1/4  W + G)  T 

where  .02  is  the  cubic  feet  of  air  that  will  absorb  one  heat  unit 
in  being  warmed  one  degree.  N is  the  number  of  changes  of  air 
per  hour. 
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C is  the  cubic  contents* 

W is  the  exposed  wall  surface  in  sq.  ft. 

G is  the  glass  surface  in  sq.  ft. 

T is  the  difference  in  temperature  between  the  inside  and  outside 
air  and; 

H is  heat-units  required  to  supply  the  loss  of  heat  through  glass, 
exposed  wall  and  ventilation* 

Assuming  three  changes  of  air  per  hour  this  formula  becomes 

H - ( .06  X746 ,710  + 43530  +7233)  51* 

4 

H - 3,193,733  3.  T.  U. 

which  is  in  excess  of  the  number  of  B.  T.  UT . per  hour  obtained 
from  the  test  by  the  difference  between 
3,193,733  - 3,159,000  - 39,733  B.  T.  U. 

By  using  Carpenter's  Formula  and  taking  as  a factor  for  propor- 
tioning radiation  found  in  table,  page  236,  Carpenter’s  Heating 
and  Ventilating  Buildings,  the  value  .21 
R - ( *02  N C + l/4  W + G ) . 21 

The  radiation  in  the  building  being  10714  square  feet,  the 
equation  becomes, 

10714  - (.02  N X 746,710  + 43533  + 7233). 21 

4 

solving  for  N the  number  of  changes  of  air  per  hour  is  equal  to 
2.2  changes. 

In  the  same  way  assuming  two  changes  of  air  and  solving  for 
the  factor  for  proportioning  radiation, 

R Z 48046F  -10714 

F - .223  for  a steam  pressure  of  3 1/ 2 pounds  and  difference  in 
temperature  of  51  degrees  Fahr. 
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Results  from  Mill's  Rule. 

From  Mill’s  Rule  for  figuring  radiation.,  which  provides  for 
one  change  of  air  per  hour.,  and  using  the  quantities  in  table 
No.  5 of  this  thesis. 

G/ 200  1 W/ 20  4-  G/2  z R, 
becomes 

746710  , 43558  , 7233  - R. 

~2tra  + + “2 

R z 99bo  Square  feet  of  radiation  which  is  less  than  the  building 
contains  by  748  square  feet. 

Results  from  Model  Heating  Company's  Rule. 

The  radiation  required  for  the  building  as  figured  by  a rule 
published  by  the  Model  Heating  Company  is; 

['(  W/lO  4-  G)  75  + C]  .0055  - R. 

(11543*3  x 75  + 746710)  .0055  - 3910  square  feet  for  one  change 
of  air  per  hour. 

Results  from  Willett’s  Rule* 

Willett's  Rule  for  proportioning  direct  radiation  is  ex- 
pressed by  the  following  formula: 

R - 0.43  C + 0.03  W + 0.  002d  C 
which  becomes., 

R - 3071  + 3434.6  + 1941-4  z 3497  square  feet. 

Results  from  Baldwin's  Rule* 

From  Baldwin's  Formula., 

E - G + W/lO 

where  R is  the  glass  equivalent  surface. 

R z 3/4  H. 

From  table  No*  5* 

E - 7233  + 4355  z 11,643 
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R - 3/4  ( 11,  643 ) - 8757  square  feet* 

RESULTS  FROM  TEST. 

From  table  No.  5 the  total  cubic  contents  - 74o71  cubic  feet. 
The  total  radiation  - 10714  square  feet,  or  one  square  foot  of 
radiating  surface  heats  70  cubic  feet  of  air  per  change  of  air  per 
hour . 


Since  from  the  test  it  was  found  that  295  B*  T.  U.  were  given 
off  per  square  foot  per  hour,  and  as  one  square  foot  of  radiation 
heats  210  cubic  feet  of  air  per  hour,  assuming  three  changes, 
the  units  of  heat  required  per  square  foot  per  hour  of  heating 
surface  to  heat  one  cubic  foot  of  air  at  a difference  in  tempera- 
ture of  51  degrees  Fahr.  is  equal  to  295  f-  210  - 1.4  B.  T.  U. 

One  horse  power  is  equivalent  to  the  evaporation  of  34.5 
pounds  of  water  at  atmospheric  pressure.,  then  as  the  condensation 
from 


7 to  9 A.  M 

• equaled 

6703 

th  e 

H.  P 

. used 

was 

9 to  11  " 

11 

6615 

11 

n 

11 

ii 

1L  to  1 P. 

M . " 

6619 

11 

11 

11 

i» 

1 to  3 " 

11 

6232 

11 

11 

11 

11 

3 to  5 " 

m 

6289 

11 

11 

11 

11 

Total  H . P . 

used  from 

7 A. 

M. 

to  5 

P.  M. 



194.29 

191.74 


191.35 


132-09 
132. 29 
942-26 


The  H.  P.  used  per  hour  94.226  or.,  one  H.  P.  supplied., 
10714  4-  94., 226  - 113  square  feet  of  radiation. 

Carpenter  gives  one  horse  power  as  equivalent  to  100  square 
feet  of  direct  steam  radiation,  with  sufficient  allowance  to  meet 
ordinary  losses. 

By  Carpenter’s  Rule  the  total  B.  T.  U.  required  for  the 


m 
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building  on  the  basis  of  three  changes  of  air  per  hour  is 
3,193,733  B.  T.  U.  per  hour.,  and  as  33., 327  heat  units  equal  one 
horse  power , the  calculated  horse  power  would  be  3,159,000  f 
33,327  - 95*93  horse  power  per  hour. 

SUMMARY  OF  RESULTS. 

The  data  for  this  experiment  was  obtained  from  a test,  run 
under  ordinary  working  conditions,  in  a building  of  common  con- 
struction, and  on  a heating  system  giving  entire  satisfaction, 
and  for  this  reason  the  writer  believes  the  results  are  practical. 

The  results  of  the  test  have  been  compared  with  the  experience 
of  various  heating  engineers  and  have  been  found  to  agree  very 
closely  with  their  results* 

The  condensation  per  square  foot  per  hour  as  calculated  from 
the  test  was  .3034  pounds  which  is  a mean  of  the  results  given 
by  J.  H.  Mills  in  his  book.  Warming  and  Ventilation  of  Buildings, 
and  the  work  of  Prof.  J.  H.  Kinealy,  "Formulas  and  Tables  of  Heating" 
The  value  of  1.9  B.  T.  U.  per  hour  per  s puare  foot  per  degree 
difference  between  steam  and  inside  temperature  is  a little  high 
due  to  heat  losses  from  the  return  mains  and  vent  flue  coils  which 
have  not  been  considered  here* 

As  calculated  from  Carpenter’s  Rule  the  air  was  changed  a 
little  over  twice  per  hour  during  the  test  which  indicates  that 
for  good  construction  two  changes  is  a safe  estimate. 

The  following  table  gives  the  radiating  surface  installed  in 
Engineering  Hall  and  the  amount  required  as  calculated  by  different 
rules : 
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Carpenter 

Mills 

Model  Heating  Co. 
Willett s 
Monroe 


9,009  square  feet 
9, 9oo  " " 

8, 910  " " 

8,470  " " 

8,497  " 


Baldwin  8,757  " " 

Amount  installed  10,714  11  " 

Direct  plus  Z direct-indirect  9,925  11  " 

4 

Tie  amount  of  radiating  surface  installed  is  more  than  re- 
quired to  heat  the  building  due  to  the  fact  that  where  direct- 
indirect.  radiation  was  installed  the  quantity  was  increased  25 
percent,  as  seen  in  table  the  direct  plus  3/4  direct  indirect 
gives  a value  agreeing  with  the  amount  required  by  rule. 

By  calculation  1.4  B.  T.  U.  are  required  per  square  foot  per 
hour  to  heat  one  cubic  foot  of  air  at  a difference  in  temperature 
between  the  external  and  internal  air  of  51  degree  Fahr.  and  this 
result  corresponds  to  the  value  given  in  table  in "Manual  of  Heat- 
ing and  Ventilation,"  by  F*  Schumann. 

Table  No.  0 of  this  thesis  gives  a method  for  figuring  radia- 
tion based  upon  Carpenter's  Formula,  assuming  two  changes  of  air 
p er  hour  and  a factor  of  .25  for  proportioning  radiation* 

Divide  the  cubic  contents  by  100  and  add  the  value  found  in 
the  table  for  the  calculated  glass  and  exposed  wall  surface. 

The  formula  may  be  expressed  by  the  equation 
R - .01  C + K 

where  C cubic  contents  and  K equals  value  found  in  table. 
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Heating  Surfaces  Required  in  Radiators,  Low  Pressure  Steam  and  Water  Circulation, 
at  Similar  Temperatures  and  Average  Conditions. 

One  square  foot  of  heating  surface  = 2 square  feet  of  glass,  20  square  feet  of  wall,  and 

200  cubic  feet  of  space. 


* For  mild  water  circulation  (average  temperature  ISO0),  add  one  third  = 33  per  cent. 


■*>r 


Combined  Demand  in  Radiators  for  Rooms  and  Oflices  with  Different  Exposures.  * 


Glass  and  Wall  from  Table  No.  20.  Space  Warmed,  Air  to  change  eacli  hour,  Table  No.  21. 

Based  on  steam  conditions  and  pressures  5 to  10  lbs. 


For  stores  (15,000  to  20,000  cubic  feet),  deduct  one  third  = 33  per  cent 
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